The results of theoretical and experimental investigations into the development of compositions and methods of obtaining superconcentrates of crosslinking systems on porous polymer supports, and also a concentrate of light stabiliser, antioxidant, and process additive, are presented. The concentrates are intended for the effective crosslinking of polyolefin composites.
The wide application in modern cable technology of heat-resistant composites of polyolefins using systems based on bifunctional organosilicon compounds (organosilanes) containing unsaturated and readily hydrolysable groups is promising.
The actual crosslinking composite is a complex polymer system in which initiators of the grafting of organosilane to the polyolefin, catalysts of the hydrolytic polycondensation of the copolymer obtained, antioxidants, light stabilisers, and process additives are present [1, 2] .
The process of introducing each ingredient, especially the liquid components, is complex. To implement this method of production of crosslinking composites of polyolefins, it was necessary to solve the problem of obtaining superconcentrates of crosslinking systems based on organosilanes and concentrates of antioxidants, light stabilisers, and process additives. The formulation and the influence of the parameters of processing on the properties of superconcentrates of crosslinking systems based on organosilanes are given below.
Organosilanes comprise liquid products of the general formula R n SiX (4-n) containing R with olefinic unsaturated groups and readily hydrolysable groups X and possessing a molecular weight of 132.2-280.4, a density of 0.88-1.05 g/mL at 25°C, and a boiling point of 104-210°C.
The initiators are dialkyl peroxides containing active oxygen (5.92-9.45), with a 1 min half-life temperature of 179-184°C, a 1 h half-life temperature of 137-141°C, a 10 h half-life temperature of 117-121°C, and an activation energy of thermal degradation of 170-160 kJ/mol.
The antioxidants are high-molecular-weight, sterically hindered phenols with a melting point of 110-125°C and a density at 20°C of 1.4-1.45 g/cm 3 .
The catalysts are compounds of structure R 2 SnX 2 , where R is a butyl or octyl radical, X is a laurate, maleate, or other liquid substituents with a density of 1.0-1.04 g/cm 3 .
The crosslinking system comprises a mixture of organosilane, initiator, and catalyst. The latter are dissolved in the organosilane.
The process of obtaining a graft polymer presents certain difficulties: the high volatility of the silane, which during extrusion leads to a silane loss of up to 95%; the excess peroxide concentration in the feed zone; the normal peroxide concentration, which, in the feed zone, can lead to the formation of a covalent chemical bond -C-C-causing crosslinking between macromolecules of the polyolefins and consequently to an increase in melt viscosity and to the formation of gel-like areaspremature structure formation in the extruder.
The obtaining of superconcentrates of crosslinking systems on porous polymer supports is an urgent task.
It is well known that, in the production of porous polyolefins, use is made of organic and inorganic solid and liquid substances, which break down during heating of the polymer or in the chemical reaction [3] .
However, these methods are unsuitable for the production of polymer supports of silane mixtures because residues of the chemical foaming agents and products of their breakdown may be inhibitors of crosslinking processes.
The investigations were conducted along the lines of creating composites of polyolefins with the use of nitrogen as the blowing agent.
As the polyolefins, a study was made of the possibility of using low-and high-density polyethylene (PE), a copolymer of ethylene with vinyl acetate (CEVA, VA 14%), polypropylene, and also mixtures of polyolefins, the technical data of which are presented in Table 1 .
Trial specimens of the polymer support were manufactured on a BTS 50 HT twin-screw extruder (ERMAFA, Germany).
Nitrogen was fed into the zone of the polyolefin melt using a special unit, a diagram of which is presented in Figure 1 .
After filtration, gaseous nitrogen is delivered to high-pressure pneumatic gas pumps and is fed, under a pressure of 130 kgf/cm 2 , into the melt zone of the extruder, where it is mixed with the polymer melt by means of special screw mixing elements.
Pore formation occurs on discharge from the forming tool on account of the pressure difference and the conversion of the nitrogen from the liquid to the gaseous state.
Important characteristics of the polymer support for crosslinking systems based on organosilanes are its apparent density, which was determined by measurement and weighing [4], its adsorption activity, which was determined by the gravimetric method, and the volatility of the silane depending on the polymer support [5] .
The dependence of these characteristics on the type of polymer support is presented in Figures 2 to 4.
The best results were obtained when polypropylene with a wide molecular weight distribution and branched polypropylene were used.
To improve the processing properties of the polyolefins, a copolymer of ethylene with vinyl acetate was used in the production of the porous polymer supports.
As can be seen from the results of experimental investigations (Figure 2) , the volatility of silanes from the polymer supports can be placed in the following order: EVA -80°C; LDPE -100°C; HDPE -124°C; PP -150°C.
Thus, the release of silane is delayed by a PP support with a higher melting point.
The surface of the extrudate has a better appearance with a PP-based polymer support, which again demonstrates the advantage of delayed release of silane. The advantage of the developed polymer support lies in the provision of a high accuracy of dosing in the production of silanol-crosslinked composites. The adsorption activity of the polymer support amounts to 50-60%. The development of technology for producing a concentrate of light stabiliser, antioxidant, and process additive is important. An inherent requirement of polyolefin composites for cable and semiconductor products, in particular insulated power leads, is the 
To inhibit the process of degradation of the silanolcrosslinked polyolefin composite under the action of UV radiation, it is necessary to introduce carbon black into its composition.
The process of inhibition of degradation of the polymer under UV radiation may proceed by two mechanisms.
Firstly, carbon black, which is black in colour, intensively absorbs this radiation.
Secondly, carbon black particles act as inhibitors of free radical processes, binding the products of degradation, which might promote its subsequent occurrence. The best protection against UV radiation is achieved by thorough dispersion of 2.0-3.0% carbon black, which may be most effective only when it is introduced into the silanol-crosslinked polyolefin composite in the form of a concentrate based on low-density polyethylene.
To produce a carbon black concentrate (light stabiliser concentrate), use was made of the ingredients whose technical data are given in Tables 2 to 4.
To determine efficient regimes for the production of light stabiliser concentrates, investigations were conducted to establish the rheological characteristics both of the initial LDPE and of carbon black concentrates (CBCs), including with the use of a process additive (diatomaceous silica -celite), the typical chemical composition of which is given in Table 5 . Table 2 . Properties of low-density polyethylene The rheological characteristics of polymer composites were studied by capillary viscometry on an IIRT instrument in the shear velocity range 0.1-115 s -1 at temperatures of 170-210°C.
The effective shear velocity gradient was determined by means of the formula [6] ), Q is the flow rate of the material (cm 3 /s) (Q = pR 2 h, where h is the stationary immersion rate of the piston (cm/s) and R is the cylinder radius (cm)), and r is the radius of the capillary (cm).
The shear stress was determined by means of the formula [6] 
where t is the shear stress (Pa).
The effective viscosity was determined by means of the formula [6] 
where h eff is the effective viscosity (Pa s).
An important criterion for the production of a highquality CBC is a high degree of homogeneity of the carbon black distribution throughout the polymer.
The quality of mixing can be estimated in relative form from the coefficient of inhomogeneity [3]
where C i is the concentration of one of the components in the samples (wt%), C 0 is the concentration of the same component with an ideal distribution, i is the number of groups of samples (i = n/n i ), n i is the number of samples in each group of identical values of C i (i = n/n i ), and n is the total number of samples.
Determination of the coefficient of inhomogeneity is possible by estimating the density of the specimens. For this, values of the densities r and r 0 must be substituted for C i and C 0 in formula (4).
The density of the polymer composites obtained was determined by the hydrostatic method on a Mettler Toledo AB204-S/FAST instrument.
Data from experimental investigations were processed using the standard Microsoft Excel computer program. Graphic dependences were plotted using the Graph 3D program.
To produce a concentrate of light stabiliser (CBC), carbon black, antioxidant, and process additive were introduced into low-density polyethylene on a BTS 50 HT extruder, which was equipped with dosing stations for the dosing of ingredients and with devices for the side charging of carbon black.
From the results of experiments it follows that, when carbon black is introduced into LDPE, with increase in its concentration there is a considerable increase in the effective viscosity of the melt and an increase in the shear stress for achieving higher shear velocities, especially at t = 170°C and t = 210°C (Figures 5 to 7) .
Increase in the viscosity of the composite is due to the degree of structure of carbon black (absorption number of n-dibutyl phthalate 126 cm 3 /100 g), which is a measure of the free volume governed by the structure of the primary aggregates and the additional free volume arising as a result of the formation of secondary aggregates through Van der Waals forces. As the degree of structure increases, an increasing amount of polymer is required to wet or cover the carbon black particles or their aggregates.
This leads to an increase in the viscosity of the composite.
The most stable behaviour of the CBC melt is at 190°C at all carbon black concentrations. An analysis of the results of determining the coefficient of inhomogeneity indicates that the greatest degree of dispersion (the lowest coefficient of homogeneity) is achieved at a carbon black concentration of 30%, and also with the use of process additive (Figure 8 ). This may be due to the greater shear forces at greater viscosity of the polymer composite that arise at the stage of mixing and dispersion. 
